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Description 

Background of the Invention 

5 This invention relates to ferroelectric, or tilted chiral smectic, liquid crystal display devices which have enhanced 

alignment. 

In order to obtain the desired driving characteristics for optical modulating elements incorporating a bistable liquid 
crystal, it is necessary that the liquid crystal interposed between a pair of parallel substrates have a molecular alignment 
such that the two stable states are reversibly changed effectively irrespective of the state of application of the electric 

10 field. Various methods have been suggested for obtaining such molecular orientation. 

U.S. Pat. No. 4.561.726 (Goodby et ai.) discloses alignment of ferroelectric liquid crystal display devices through 
the use of specific ordering substances such as polyimides. polyamides and polyesters that satisfy two criteria. They 
should be capable in the bulk form of being elongated at least 50 percent before fracturing and after an elongation of 
at least 50 percent, they should retain a length at least 20 percent more than the original length before elongation. 

15 U.S. Pat. No. 4.367,924 (Clark et al.) discloses an electro-optical device including a chiral smectic C or H liquid 

crystal disposed between flat plates treated, e.g., with poly(n-methyl-3-aminopropyl-trimethoxysilane), to enforce mo- 
lecular orientation parallel to the plates. The plates are spaced by a distance sufficiently small to ensure unwinding of 
the helix typical in a bulk of the smectic C or H material to form two stable states of the orientation field. 

U.S. Pat. No. 4,563,059 (Clark et al.) discloses a liquid crystal device including a ferroelectric liquid crystal disposed 

20 between plates treated, e.g., by rubbing or oblique SiO evaporation, to enforce a particular ferroelectric molecular 
orientation to the plates. The devices employ alone or in combination, non-planar boundary condition, polar boundary 
conditions, boundaries with multiple physical states, intrinsic spontaneous splay distortion of the polarization orientation 
field, combined ferroelectric and dielectric torques, and layer tilted with respect to the plates. 

U.S. Pat, No. 5,109,293 (Matsunaga et al.) discloses a ferroelectric liquid crystal display element in which oblique 

25 alignment layers of SiO are inclined with respect to a substrate surface and have opposite inclination directions which 
are formed on opposing surfaces of a pair of substrates having transparent electrodes. A ferroelectric liquid crystal is 
injected into the space between the substrates only in a direction opposite to the inclination direction of the oblique 
alignment layers. 

European Pat. Pub. No. 0 450 549 Al (Canon) discloses a ferroelectric liquid crystal device and apparatus having 
30 a pair of substrates with orientation control films of a fluorine-containing aliphatic polyimide or a fluorine-containing 
alicyclic polyimide. The fluorine-containing aliphatic polyimide or alicyclic polyimide has a structural unit expressed by 
the following general formula: 


35 


40 



wherein is a tetravalent organic residue and is a divalent organic residue, at least one of Ri and R2 being a 
alicyclic or aliphatic organic residue containing fluorine and n is 0 or 1 . 

Marshal, Kenneth L, "Laser Damage Resistant Polysiloxane Polymers as Homeotropic Alignment Layers for Liquid 
Crystal Devices." Mol. Crvst. Lie. Crvst. Letters . Vol. (5). pp. 1 33-1 38. discloses a class of commercially available polysi- 
loxane resins, i.e.. "glass resins." which can be used to produce homeotropic aligning layers of high optical quality and 
laser damage resistance for liquid crystal devices with cyanobiphenyls. i.e., nematic liquid crystals, at cell spacings as 
large as 167 microns. 

EP-A-0 266 1 36 discloses a ferroelectric liquid crystal device comprising two different alignment layers such as a 
layer of rubbed potyamide on one substrate and a layer of an organosiloxane polymer with flexible side chains on the 
other. 
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Summary of the Invention 

The present invention, in one aspect, relates to a bistable ferroelectric liquid crystal display device comprising a 
first substrate, a second substrate opposed to said first substrate, said substrates disposed to provide a non-helicoidal 
5 alignment of the ferroelectric liquid crystal material and electrodes on said substrates to define one or a plurality of 
pixels, said electrode bearing first substrate having an aliphatic polyamide or polyester alignment coating thereon and 
said electrode bearing second substrate having a organosilsesquioxane polymer coating thereon, and a ferroelectric 
liquid crystal mixture comprising compounds having fluorinated tail portions disposed between said substrates, with 
the proviso that at least one substrate is transparent. 
10 The devices of the invention provide high quality homogeneous alignment for the mixtures comprising compounds 

having fluorinated tail portions. 

The present invention, in another aspect, provides a method for providing an aligned ferroelectric liquid crystal 
display device comprising 

is 1 ) coating a first substrate bearing at least one electrode with a solution of aliphatic polyamide or polyester material; 

2) curing said coating on the first substrate; 

3) rubbing said coating to align said polyamide or polyester; 

4) coating a second substrate bearing at least one electrode with a solution of organosilsesquioxane polymer; 

5) curing said coating on the second substrate; 

20 6) placing said substrates with coated faces in opposing position and disposed to provide a non-helicoidal alignment 

of a ferroelectric liquid crystal material when said liquid crystal material is placed between said coated substrates; 
7) securing said so disposed substrates, with the proviso that at least one of said substrates is transparent. 

Brief Description of the Drawing 

25 

The FIG. is a schematic sectional view of a liquid crystal device according to the present invention. 
Detailed Description of the Invention 

30 Ferroelectric liquid crystal devices such as described by Clark et ai. in U.S. Patents No. 4,363,059 and No. 

4,367,924, are generally bi-stable or two level devices. The two level devices are binary in nature, each picture element, 
or pixel, is either wholly transmitting or absorbing. 

In a surface stabilized device, the liquid crystal molecules exist in either of two states in their lowest energy con- 
figuration, and both states can be accessed by the polarity of the applied field. This is accomplished by using an 

35 alignment layer on at least one of the substrates (or boundary plane) and making the spacing of the substrates of the 
cell less than the chiral pitch length of the liquid crystal molecule, so that the surface forces can completely unwind the 
molecular chiral helix. 

The fixed molecular titt angle and the boundary plane of the substrate dictate that there are two possible configu- 
rations of the molecules. In one configuration the polarization vector points towards one boundary plane, and in the 

40 other configuration, the polarization vector points towards the other boundary plane. These two states are the bi-stable 
states of the device. The application of an electric field across the device will switch liquid crystal molecules from one 
state to the other, but the molecules will always seek their lowest energy configuration. With the molecular helixes 
unwound, the molecular movement from one state to another is along a path described by a cone with the apex and 
center line parallel to the smectic layer normal. The two stable states of the molecule are at either low energy site on 

45 this cone. 

When a voltage is applied across any liquid crystal device, the liquid crystal material within the device expenences 
electric field forces from two sources. One force, from the spontaneous polarization is proportional to 


50 p^E^ 

and is linear with the electric field, and a second force arising from the anisotropy in the dielectric permittivity, AeE2 
which varies quadradically with the electric field. In the above expressions, P is the polarization, Ae is the dielectric 
55 anisotropy of the liquid crystal material, and E is the electric field developed across the device as a result of the applied 
voltage. In such ferroelectric devices, the 
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term is non-zero and is the dominating term, and bi-stable switching occurs. 
5 The liquid crystal materials found most advantageous for use In the present invention are fluorinated chiral liquid 

crystal materials such as described, for example in U.S. Patent No. 4,886,61 9 (Janulis) and U.S. Patent No. 5,082,587 
(Janulis), which are incorporated herein by reference. These materials can be used by themselves or in mixtures with 
other fluorinated chiral or achiral materials or hydrocarbon materials. 

As can be seen in the FIG., device 10 of the present invention comprises two opposing substrates 11 . 11', at least 
10 one of which is optically transparent. The inward facing surfaces of each substrate 11 , 11' contains electrically conduc- 
tive electrodes 12, 12' in a configuration to produce a desired pattern, electrodes 12. 12' on the substrates being 
transparent. Electrodes 12, 12' may be of any electrically conductive material, a common one being indium tin oxide, 
and may be applied by methods commonly known in the art. Substrate 11 has thereon alignment coating or layer 14 
of an aliphatic polyamide or polyester material which has been rubbed and substrate 11' has thereon layer 16 of orga- 
ns nosifsesquioxane polymer. Opposed substrates 11, 11' are disposed a small distance apart with spacers 18, said dis- 
tance, along with the alignment layer, allowing for the non-helicoidal alignment of the included liquid crystal material 
20. The so-produced device is then filled with liquid crystal material 20 as heretofore described, and the electrodes 
connected to an appropriate electrical driving source. 

The aliphatic polyamide material or the polyester material sen/es as an alignment or ordering substance. Such 
20 polyamide materials include any of the various nylons such as. for example, 


O 

25 HfN-{CH2)5-CtirOH nylon 6 

H 


30 


35 


40 


45 


SO 


HtN-(CH2)6-N-C-(CH2)4-CtH-OH nylon 6/6 

H H 


O 
I 

HfN-(CH2)io-CtirOH ^^^^^^ 
H 


O 

HfN-(CH2)ii-C-trrOH nylon 12 

li 
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Hf N- (CH2 ) (CH2) 
H H 


nylon 6/10 


70 


IS 


20 


25 


30 


35 


40 


o o 

« n 

HfN- {CH2) 6-N-C- (CHj) lo-CJn-O" 
H H 


nylon 6/12 


Also, nylon copolymers such as ELVAMID 8064, a terpolymer available from DuPont Conapany, can be used as the 
alignment layer. Mixtures of the polyamide materials may also be used. 

Polyester materials useful in the present invention include, for example, poly(ethylene terephthaiate) 


-QhJtHOH, 


HfOCHjCHjOC 


poly(butylene terephthaiate) and poly(hexytene terephthaiate). 

The polyester or polyamide alignment layer is preferably 100 to 10,000 A thick, more preferably 200 to 1000 A 
thick, most preferably 400 to 600 A thick. The alignment layer is preferably of unifomn thickness. The layer may be 
deposited by conventional techniques such as spin coating, dip coating, roller coating or spraying. 

The polyester or polyamide alignment layer is aligned prior to utilization in a cell by techniques well-known to those 
skilled in the art such as by rubbing with fabric to propagate a zone of plastic deformation and realignment of the 
polymer chains. 

The organosilsesquioxane polymer layer of the present invention may be rubbed or non-rubbed. Typical orga- 
nosilsesquioxane polymers have pendant moieties such as, for example, hydrogen atoms, alkyi groups having 1 to 4 
carbon atoms, such as methyl or ethyl groups, phenyl or substituted phenyl groups such as xylyl or tolyl groups, or 
vinyl groups and have functional groups such as, for example, hydroxy, methoxy, ethoxy or chloro groups. Preferred 
organosilsesquioxane polymers are methylsilsesquioxane polymer (Resin GR-651U available from Owens-Illinois, 
lnc.)andmethyl-phenylsilsesquioxane polymer (Resins GR-1 00 and GR-1 50, available from Owens-Illinois. Inc.). Par- 
ticularly preferred is methylsilsesquioxane polymer which can be represented by the idealized structure 


so 


CH, 


HO— 

? 

CjHj — o— Si. 


J \ 


CH, J 


CH, 

[ ' 
-O — Si — OH 

O 

1 

-0 — Si — O- 
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CH^ 


55 The organosilsesquioxane alignment layer is preferably 1 00 to 1 0.000 A thick, more preferably 200 to 1 000 A thick, 

most preferably 300 to 600 A thick. The alignment layer is preferably of uniform thickness. The layer may be deposited 
by conventional techniques such as spin coating, dip coating, roller coating or spraying. 

Additional optional layers may also be present. Such layers can include an adhesion promoting layer and/or an 
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insulating layer coated on the electrode bearing substrate prior to application of the alignment layer Commercially 
available adhesion promoting materials include, for example, bis[3-(triethoxysilyl)-propyl]amine and VM651, a yami- 
nopropyttriethoxysilane available from DuPont Company. Typical insulating layers may be formed from SiOg, TiOg or 
TagOs at a thickness of about 200 to 1000 A. 
5 The devices of the present invention can be. for example, in the form of transmissive devices where the opposed 

substrate is transparent, reflective devices where the opposed substrate is reflective, and devices using dyes mixed 
with the ferroelectric liquid crystal material which exhibit the guest-host effect, all of which are well-known to those 
skilled in the art. 

In the following nonlimiting examples, all temperatures are in degrees Centigrade and all parts and percentages 
10 are by weight unless indicated otherwise. In each example, the electrodes of the cell were connected to an arbitrary 
waveform generator with variable output voltage. Optical transmission was measured by placing the cell on a rotating 
stage between two crossed polarizers with the polarizer/cell combination placed between a collimated light source of 
about 1 mW intensity and about 5 mm diameter and a silicon photodetector, the output of which was monitored on an 
oscilloscope. The light, obtained from a incandescent source, was filtered to confine the wavelength spectrum between 
IS 450 and 700 nm. 

The 5-hexyl-2-(4-(1 .1 -dihydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl)pyrimide used in the examples was pre- 
pared by fluorination and methanolysis of butoxyethoxyethyl acetate to provide methyl perfluoro-2-(butoxyethoxy)ac- 
etate which was then reduced with sodium borohydride to provide 1,1 -dihydroperfluoro-2-(butoxyethoxy)ethanoL The 
1,1-dihydroperfluoro-2-(butoxyethoxy)ethanol was then converted to its triflate by reaction with triflic anhydride and 
20 tr'iethylamine. The resulting triflate was then coupled with 5-hexyl-2-(4-hydroxyphenyl)pyrimidine by triflate displace- 
ment reaction. The 5-octyl-2-(4-(1,1-dihydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl)-pyrimidine was prepared in 
the same manner as the 5-hexyl-2-(4-(1 . 1 -dlhydroperfluoro-2-(2-butoxyethoxy)ethoxy)pheny!)pyrimide except 5-octyl- 
2-(4-hydroxyphenyl)pyrimidine was substituted for the 5-hexyl-2-(4-hydroxyphenyl)pyrimidine. 
The cells of each example were tested using the following procedures. 

25 

Memory Angle 

The cell was driven with a voltage waveform of alternating bipolar pulses of 20 V/^m amplitude spaced 30 mS 
apart. The cell was aligned between crossed polarizers to obtain the best extinction during the negative half^ycle of 
30 the square wave. The cell was then aligned to obtain the best extinction during the positive half^ycle of the square 
wave. The angle separating the extinction points of the two memory states is the memory angle, 2<^f„, 


The cell was driven with a 30 Hz square wave of 20 V/^im amplitude. The cell was aligned between crossed 
polarizers to obtain the best extinction during the negative half-cycle of the waveform. The cell was then aligned to 
obtain the best extinction during the positive half-cycle of the square wave. The angle separating extinction points of 
the two driven states is the tilt angle, 2^^. The ratio memory angleAilt angle, 2(^J2% is reported. 


40 Latching Time 


The cell was driven with a voltage waveform of alternating bipolar pulses of 20 V/pm amplitude spaced 30 mS 
apart. The cell was aligned between crossed polarizers to obtain the best extinction during the negative half<;ycle of 
the waveform. Then the cell was driven with a waveform of bipolar pulses of 20 V/^im amplitude spaced 30 mS apart 
45 by a train of square wave pulses 30 mS wide and 6.7 V/pm amplitude. The minimum pulse width needed to obsen/e 
two stable and saturated memory states is the latching time. 


55 


Contrast Ratio 


50 The cell was driven with a 30 Hz square wave of 20 volt amplitude. The cell was aligned between crossed polarizers 

to obtain the best extinction during the negative half^iycle of the square wave. The ratio of the transmitted light intensity 
during the positive and negative half -cycles of the square wave was obtained. The cell was then aligned to obtain the 
best extinction during the positive half-cycle of the square wave and the transmitted light ratio was again determined. 
The average of the two ratios is reported as the contrast ratio. 


Bias Contrast Ratio 

The cell was driven with a waveform of alternating bipolar pulses of 20 V/^m amplitude spaced 30 mS apart by a 
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train of square pulses 30 mS wide and 6.7 V/|im amplitude. The ceil was aligned between crossed polarizers to obtain 
the best extinction states. Set at the first angle, the cell was driven by a waveform of bipolar pulses at 20 V/^im and 
spaced 30 mS apart by a train of square wave pulses 30 mS wide and 6.7 V/^im amplitude. The transmitted light 
intensity is determined. Then the sign of the bipolar pulse field was inverted and the transmitted intensity determined. 
5 This contrast ratio is averaged with the analogous value obtained similarly for the other angle memory state to obtain 
the bias contrast ratio. 


Example 1 


10 


15 


20 


25 


30 


35 


Onto a patterned indium tin oxide coated glass substrate (2.85 cm wide, 3.5 cm long. 0.1 cm thick, cut from PD- 
5005 available from Donnelly Corp.) which had been ultrasontcally cleaned were placed several drops of 0.52 weight 
percent solution of nylon 6/6 [poly(hexamethylene adipamide), No. 18.112-9, available from Aldrich Chemical Co. Inc.] 
in formic acid. The substrate was spun at 1 200 rpm for 40 seconds and cured at 75°C for 1 6 hours to provide a coating 
about 400 A thick. The coated substrate was rubbed 20 strokes in one direction with a 115 gram rubbing bar (a glass 
rod 2.5 cm In diameter. 10 cm long) about which a velveteen fabric (#5100 Matinee, 65/35 cotton/rayon, available from 
J.B. Martin Co.) with the pile side out was tightly wrapped, to provide an oriented alignment layer on the substrate. 

Onto an indium tin oxide coated glass substrate (2.85 cm wide. 3.5 cm long, 0.1 cm thick, PD-5005 available from 
Donnelly Corp.) having spacer posts 1.5 microns in height, and which had been ultrasonically cleaned were placed 
several drops of 1 .5 weight percent solution of methylsilsesquioxane polymer (5.6% GR-651 L. available from Owens- 
Illinois, Inc.) in butyl alcohol. The substrate was spun at 8000 rpm for 20 seconds and cured at 75°C for 16 hours to 
provide a alignment coating about 200-300 A thick. 

The substrates were assembled with the alignment layers facing inward to form a cell using UV curable adhesive 
(Norland 61 Optical Adhesive, available from Norland Products Inc.). The cell was then filled with a liquid crystal mixture 
using capillary filling under vacuum by heating to 100'»C. The mixture contained the following components: 



5-octyl-2-(4-(1 . 1 -dihydroperf luoro-2-(2-butoxyethoxy)ethoxy)phenyl)-pyrimidine 
5-octyl-2-(4-(1 . 1 -dihydroperfluorooctyloxy)phenyl)pyrimidine 
5-nonyl-2-[4-(1 .1 -dihydroperfluorooctyloxy)phenyl)pyrimidine 
5-decy l-2-(4-( 1 . 1 -dihydroperf luorooctyloxy)phenyl)pyrimidine 
(S)-4-(2-chloro-4-methylpentanoyloxy)phenyl 4-(1 .1 -dihydroperf I uorobutoxy)benzoate. 


The transition temperatures upon cooling form the isotropic state (1) to the crystalline state (K) were l-SmA: 73°C, SmA- 
SmC*: 30**C and SmC*-K: <-10''C. 

The cell exhibited excellent alignment of the liquid crystal mixture as determined by observation of the liquid crystal 
texture with a polarizing microscope, and was evaluated for latching speed, memory angle, contrast ratio and 
bias contrast ratio. The results are as set forth in Table 1. The cell exhibited indefinitely stable switched states that 
remained undisrupted when the electrodes were shunted together. 


4Q Example 2 

A liquid crystal display device was prepared as in Example 1 except the liquid crystal mixture contained the following 
components 


45 


SO 


55 


12.44% 

20.74% 

20.74% 

20.74% 

8.30% 

7.21% 

3.25% 

6.58% 


5-hexyl-2-(4-(l , 1 -dihydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl)pyrimide 
5-octyl-2-(4-(1 , 1 Hdihydroperfluorohexyloxy)pheny!)pyrimidine 
5-nonyl-2-(4-(1.1 -dihydroperf luorohexyloxy)phenyl)pyrimidine 
5-decyl-2-(4-(1 , 1 -dihydroperfluorohexyloxy)phenyl)pyrimidine 
5-decy!-2-(4-(1 . 1 -dihydroperfluorobutoxy)phenyl)pyrtmidine 

(S)-4-(2-chloro-4-methylpentanoyloxy)phenyl 4-(1 . 1 -dihydroperfluorobutoxy)benzoate 
2.3-dicyano-4-octyloxyphenyl 4-(1 .1 -dihydroperf luorohexyloxy)benzoate 
2,3-difluoro-4-octyloxyphenyl 4-(1 , 1 -dihydroperfluorohexyloxy)benzoate 


The transition temperatures upon cooling form the isotropic state (1) to the crystalline state (K) were 1-SmA: 78'»C, SmA- 
SmC*: 59*'C and SmC*-K: 1 2*'C. 

The cell exhibited very good alignment of the liquid crystal mixture as determined by observation of the liquid 
crystal texture with a polarizing microscope, and was evaluated for latching speed, memory angle, (!> J<l)t contrast ratio 
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and bias contrast ratio. The results are as set forth in Table 1 . 
Example 3 

A liquid crystal display device was prepared as in Example 1 except the liquid crystal mixture contained the following 
components 


13.80% 

23.00% 

23.00% 

23.00% 

9.20% 

8.00% 


5-hexyl-2-(4-(1 , 1 -dihydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl)pyrimide 
5-octyl-2-(4-(1,1-dihydroperfluorohexyloxy)phenyl)pyrimidlne 
5-nonyl-2-(4-(1,1-dihydroperfluorohexyloxy)phenyl)pyrimidine 
5-decyl-2-(4-(1 , 1 -dihydroperfluorohexyloxy)phenyl)pyrimidine 
5-decyl-2-(4-(1 , 1 -dihydroperfluorobutoxy)phenyl)pyrimidine 

(S)-4-(2-chloro-4-methylpentanoyloxy)phenyl 4-(1 , 1 -dihydroperfluorobutoxy)benzoate 


The transition temperatures upon cooling form the isotropic state (1) to the crystalline state (K) were l-SmA: sr C, SmA- 
SmC*: 54°C and SmC*-K; 10<»C. 

The cell exhibited very good, highly uniform alignment of the liquid crystal mixture as determined by observation 
of the liquid crystal texture with a polarizing microscope. The device was evaluated for latching speed, memory angle, 
<pj<^^ contrast ratio and bias contrast radio. The results are as set forth in Table 1 . 

Example 4 

A liquid crystal display device was prepared as in Example 3 except a polyamide terpolymer (ELVAMIDE 8064 
available from DuPont Company) was substituted for the nylon 6/6. 

The cell exhibited very good alignment of the liquid crystal mixture as determined by observation of the liquid 
crystal texture with a polarizing microscope. The device was evaluated for latching speed, memory angle, ^f^/cpt and 
contrast ratio. The results are set forth in Table 1 . 

30 Comparative Example C1 

A liquid crystal display device was prepared as in Example 3 except polytrimethyl hexamethylene terephthalamide 
(#331 , an aromatic polyamide available from Scientific Polymer Products) was substituted for the nylon 6/6, the solvent 
used was 60:40 rn-cresol:methanol and the curing temperature was 65°C. 
35 The cell exhibited poor quality alignment due to occasional nucleation of disordered focal conic domains in the 

liquid crystal mixture as determined by observation of the liquid crystal texture with a polarizing microscope. The device 
was evaluated for latching speed, memory angle. i^J<^^ and contrast ratio. The results are set forth in Table 1 . 


Comparative Example C2 

A liquid crystal display device was prepared as In Example 3 except ZYTEL FE-3303 (high Tg aromatic polyamide 
copolymer available from DuPont Company) was substituted for the nylon 6/6, and the solvent used was 60:40 m- 
cresokmethanol. 

The cell exhibited poor quality alignment due to nucleation of disordered focal conic domains in the liquid crystal 
mixture as determined by observation of the liquid crystal texture with a polarizing microscope. The device was eval- 
uated for latching speed, memory angle, and contrast ratio. The results are as set forth in Table 1 . 

Example 5 

A liquid crystal display device was prepared as in Example 1 except the liquid crystal mixture contained the following 
components 


90% 
10% 


5-octyl-2-{4-(1.1-dihydroperfluoro-2-{2-butoxyethoxy)ethoxy)phenyl)-pyrlmidine 
5-octyl-2-(4-((S)-(2-chloro-4-methylpentanoyloxy)phenyl)pyrimidine 


The transition temperatures upon cooling form the isotropic state (1) to the crystalline state (K) were l-SmA: 76^0, SmA- 
SmC*: 30''C and SmC*-K: <-10'C. 
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The cell exhibited very good alignment of the liquid crystal mixture as determined by observation of the liquid 
crystal texture with a polarizing microscope. The device was evaluated as in Example 1 . The results are set forth in 
Table 1 . The cell exhibited long-lived stable switched states that remained undisrupted when the electodes were shunt- 
ed together. 

s 

Comparative Example C3 

A liquid crystal display device was prepared as in Example 5 except nylon 6/6 was substituted for the methyl- 
si Isesquioxane polymer. Both coated substrates were rubbed to generate a parallel alignment orientation. 
10 The cell exhibited poor alignment of the liquid crystal mixture as determined by observation of the liquid crystal 

texture with a polarizing microscope. The device was evaluated as in Example 1 . The results are as set forth In Table 1 . 

Comparative Example C4 

IS A liquid crystal display device was prepared as in Example 5 except a polylmide (RN-779 available from Nissan 

Chemical Industries Ltd.) diluted to 50% of its original concentration with the supplied solvent was substituted for both 
the nylon 6/6 and methylsilsesquioxane polymer. PYRALIN VM-651 , 0.05% in 95% ethanol, sllane adhesion promoter 
(available from DuPont) was coated on the substrate prior to the application of the polyimtde solution. The substrate 
was spun at 6000 rpm for 30 seconds and cured at ISO^C for 1 hour Both films were rubbed to generate a parallel 

20 alignment orientation. 

The cell exhibited fair alignment of the liquid crystal mixture with spots, streaks and zig-zag bands as determined 
by obsen/ation of the liquid crystal texture with a polarizing microscope. The device was evaluated as In Example 1. 
The results are set forth in Table 1 . 

25 Comparative Example C5 

A liquid crystal display device was prepared as in Example 5 except a polyimide (RN-779 available from Nissan 
Chemical Industries Ltd.) diluted to 50% of its original concentration with the supplied solvent was substituted for the 
nylon 6/6. PYRALIN VM-651, 0.05% in 95% ethanol, silane adhesion promoter (available from DuPont) was coated 
30 on the substrate prior to the application of the polyimide solution. The substrate was spun at 6000 rpm for 30 seconds 
and cured for 1 hour at 180°C. 

The cell exhibited poor, i.e., focal conic, alignment of the liquid crystal mixture as determined by observation of 
the aligned texture with a polarizing microscope. 

35 Comparative Example C6 

A liquid crystal display device was prepared as in Example 5 except polystyrene was substituted for the methyl- 
silsesquioxane polymer. 

The cell exhibited poor, i.e., focal conic, alignment of the liquid crystal mixture as determined by observation of 
40 the liquid crystal texture with a polarizing microscope. 

Comparative Example C7 

A liquid crystal display device was prepared as in Example 1 except a polyamide terpolymer (ELVAMIDE 8064 
45 available form DuPont Company) was substituted for the nylon 6/6 and 1 .5 micron posted indium-tin oxide (ITO) coated 
glass was used in place of the methylsilsesquioxane coated ITO glass with 1.5 micron posts, and the liquid crystal 
mixture contained the following components 

15% 5-hexyl-2-(4-(1 .1 -dihydroperfluoro-2-(2-butoxyethoxy)ethoxy)phenyl)pyrimide 

50 25% 5-octyl-2-(4-(1 ,l-dihydroperfluorohexyloxy)phenyl)pyrimidine 

50% 5-decyl-2-(4-(l ,1 -dihydroperfluorohexyloxy)phenyl)pyrimidine 

1 0% (S) -4-(2-chloro-4-methylpentano yloxy)phenyl 4-(1 .1 -dihydroperfluorobutoxy)benzoate 

^5 The transition temperatures upon cooling from the isotropic state (I) to the crystalline state (K) were l-SmA: 81 '^C, SmA- 
SmC*: 54°C and SmC*-K: >10°C. 

The cell exhibited good to fair alignment of the liquid crystal mixture with some domain boundary walls present as 
determined by observation of the liquid crystal texture with a polarizing microscope. The device was evaluated for 
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latching speed, memory angle, contrast ratio and <t)m/<t>f '^^^ results are as set forth in Table 1 . 
Example 6 

s A liquid crystal display device was prepared as in Example 1 except a silane adhesion promoter (PYRALIN VM- 

651 available from DuPont, 0.05% in 95% ethanol) was coaled on the substrate prior to application of the alignment 
layer. Poly(ethylene terephthalate) (PET, Cat. No. 20.025-5, available from Aldrich Chemical Co., Inc.) was substituted 
for the nylon 6/6 and the solvent used was o-chlorophenol. The substrate was spun at 2000 rpm for 30 seconds and 
cured for 16 hours at 75**C. 

10 The cell exhibited good alignment as determined by observation of the liquid crystal texture with a polarizing mi- 

croscope. The device was evaluated as in Example 1 . The results are set forth in Table 1 . 

Example 7 

J5 A liquid crystal display device was prepared as in Example 1 except a 2:1 methyl-phenylsilsesquioxane (GR-100, 

available from Owens-Illinois, Inc.). 3% in butanol, was substituted for the methylsilsesquioxane. PYRALIN VM-651 
silane adhesion promoter, 0.05% in 95% ethanol. was coated on the substrate prior to the application of the alignment 
layer. The substrate was spun at 5000 rpm for 20 seconds and cured for 1/2 hours at 250°C. 

The cell exhibited good alignment as determined by observation of the liquid crystal texture with a polarizing mi- 

20 croscope. The device was evaluated as in Example 1 . The results are set forth in Table 1 . 

Example 8 

A liquid crystal display device was prepared as in Example 1 except a 1 :1 methyl-phenylsilsesquioxane (GR-1 50, 
25 available from Owens-Illinois, Inc.). 3% in butanol, was substituted for the methylsilsesquioxane. PYRALIN VM^51 
silane adhesion promoter. 0.05% in 95% ethanol, was coated on the substrate prior to the application of the alignment 
layer. The substrate was spun at 6000 rpm for 20 seconds and cured for 1/2 hours at 250'*C. 

The cell exhibited good alignment as determined by obsen/ation of the liquid crystal texture with a polarizing mi- 
croscope. The device was evaluated as in Example 1 . The results are set forth in Table 1 . 

30 

Comparative Example C8 

A liquid crystal display device was prepared as in Comparative Example 07 except polydimethytphenylene oxide 
was substituted for the ELVAMIDE and the solvent used was 1-chloroaphthalene. The substrate was spin coated at 
35 1 200 rpm for 2 minutes and cured at 70° C for 1 hour. 

The device was examined with a polarizing microscope for alignment uniformity. No alignment was observed. 

Comparative Example C9 

40 A liquid crystal display device was prepared as in Comparative Example C7 except a polyimide (RN-71 5 available 

from Nissan Chemical Industries. Ltd.) diluted to 10% of its original concentration with cyclohexanone was substituted 
for the ELVAMIDE. The substrate was spun at 1200 rpm for 2 minutes and cured at SO^C for 16 hours. 

The device was examined with a polarizing microscope for alignment uniformity. No alignment was observed. 

45 Example 9 

A liquid crystal display device was prepared as in Example 1 except the liquid crystal mixture contained 20% 2L1- 
4237 (available from Merck, EM Industries) and 80% of the mixture of Example 3. The transition temperatures upon 
cooling from the isotropic state (I) to the crystalline state (K) were l=SmA: 87°C. SmA-SmC: 35''C and SmC-K: <-10°C. 
50 The cell exhibited good alignment of the liquid crystal mixture as determined by observation of the liquid crystal 

texture with a polarizing microscope. 

Comparative Example CIO 

55 A liquid crystal display device was prepared as in Comparative Example 4 except the polyimide was replaced by 

another polyimide (RN-763 available from Nissan Chemical Industries Ltd.) diluted to 50% of its original concentration 
with 4 parts y-butyrolactone and 1 part butyl cellosolve, and the liquid crystal mixture was the same as in Example 9. 
PYRALIN VM-651 . 0.05% in 95% ethanol. silane adhesion promoter (available from DuPont) was coated on the sub- 
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strate prior to the application of the polyimide solution. The substrate was spun at 6000 rpm for 60 seconds and cured 
at 80°C for 15 nninutes and 120**C for 1 hour. 

The cell exhibited poor, i.e., focal conic, alignment of the liquid crystal mixture as determined by observation of 
the aligned texture with a polarizing microscope. 

Comparative Example C11 

A liquid crystal display device was prepared as in Comparative Example 10 and the liquid crystal mixture was the 
same as in Example 3. 

The cell exhibited poor, i.e., focal conic, alignment of the liquid crystal mixture as determined by obsen/ation of 
the aligned texture with a polarizing microscope. 

Comparative Example CI 2 

A liquid crystal display device was prepared as in Example 3 except a polyimide (RN-763, available from Nissan 
Chemical Industries Ltd.) diluted to 50% of its original concentration with 4 parts ^butyrolactone and 1 part butyl cel- 
tosolve was substituted for the nylon 6/6. PYRALIN VM-651 , 0.05% in 95% ethanol, silane adhesion promoter (available 
from DuPont) was coated on the substrate prior to the application of the polyimide solution. The substrate was spun 
at 6000 rpm for 60 seconds and cured at 80'*C for 15 minutes and laO^C for 1 hour. 

The cell exhibited poor. i.e.. focal conic, alignment of the liquid crystal mixture as determined by observation of 
the aligned texture with a polarizing microscope. 


TABLE 1 


Example 

Memory Angle (2(t)m) 


Latching Time (^S) 

Contrast Ratio 

Bias Contrast Ratio 

1 

38 

0.86 

31 

2200 

38 

2 

28 

0.56 

33 

380 

10 

3 

35 

0.56 

80 

640 

1.7 

4 

36 

0.58 

80 

300 


CI 

33 

0.53 

80 

300 


C2 

30 

0.48 

300 

70 


5 

34 

0.92 

9 


140 

C3 

30 

0.75 

10 

740 

35 

C4 

30 

0.75 

12 

560 

55 

C7 

37 

0.60 

60 

100 


6 

39 

0.87 

36 

1300 

21 

7 

37 

0.84 

28 

573 

33 

8 

37 

0.82 

24 

475 

23 


Various modifications and alterations of this invention will become apparent to those skilled in the art without departing 
from the scope of this invention as claimed and it should be understood that this invention is not to be unduly limited 
to the illustrative embodiments set forth herein. 


Claims 

1 A bistable ferroelectric liquid crystal display device comprising a first substrate, a second substrate opposed to 
said first substrate, said substrates disposed to provide a non^^elicoidal alignment of the ferroelectric liquid crystal 
material and electrodes on said substrates to define one or a plurality of pixels, said electrode bearing first substrate 
having an aliphatic polyamide or polyester alignment coating thereon and said electrode bearing second substrate 
having an organosiisesquioxane polymer coating thereon, and a ferroelectric liquid crystal mixture comprising 
compounds having fluorinated tail portions disposed between said substrates with the proviso that at least one of 
said substrates is transparent. 

2. The device of claim 1 wherein said polyamide coating is nylon. 
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3. The device of claim 1 wherein said polyester coating is poly(ethylene terephthalate), poly(butylene terephthalate) 
or poly(hexylene terephthalate). 

4. The device of claim 1 wherein said"organosilsesquioxane polymers have pendant moieties selected from hydrogen 
5 atoms, alkyi groups having 1 to 4 carbon atoms, phenyl groups, substituted phenyl groups or vinyl groups and 

functional groups selected from hydroxy, methoxy. ethoxy or chloro groups or mixtures thereof. 

5. The device of claim 1 wherein both said first substrate and said second substrate are transparent. 
10 6. A method for providing an aligned ferroelectric liquid crystal display device comprising 

1) coating a first substrate bearing at least one electrode with a solution of aliphatic polyamide material or 
polyester material; 

2) curing said coating on said first substrate; 

IS 3) rubbing said coating to align said polyamide or polyester; 

4) coating a second substrate bearing at least one electrode with a solution of organosilsesquioxane polymer; 

5) curing said coating on said second substrate; 

6) placing said substrates with coated faces in opposing position and disposed to provide a non-helicoidal 
alignment of a ferroelectric liquid crystal material when said liquid crystal material is placed between said 

20 coated substrates; 

7) securing said so disposed substrates, with the proviso that at least one of said substrates is transparent. 

7. The method of claim 6 wherein said polyamide coating is nylon. 

25 8. The method of claim 6 wherein said polyester coating is poly(ethylene terephthalate). poly(butylene terephthalate) 
or poly(hexylene terephthalate). 

9. The method of claim 6 wherein said organosilsesquioxane polymers have pendant moieties selected from hydro- 
gen atoms, alkyl groups having 1 to 4 carbon atoms, phenyl groups, substituted phenyl groups or vinyl groups and 

30 functional groups selected from hydroxy, methoxy, ethoxy or chloro groups or mixtures thereof. 

10. The method of claim 6 wherein both said first substrate and said second substrate are transparent. 


35 Patentanspruche 

1 . Bistabile, f erroelektrische FOssigkristall-Anzeigevorrichtung, umfassend ein erstes Substrat. ein zweites Substrat, 
das dem ersten Substrat gegenuberliegt. wobei die Substrate so angeordnet sind. daB etne nicht-schraubenfor- 
mige Ausrichtung des ferroelektrischen Fussigkristall-Materials und der Elektroden auf den Substraten bereitge- 

40 stent wird. um einen Pixel Oder eine Mehrzahl von Pixeln zu definieren, wobei das die Elektrode tragende erste 

Substrat eine Ausrichtungsbeschichtung eines aliphatischen Polyamids oder Polyesters darauf aufweist. und das 
die Elektrode tragende zweite Substrat eine Organosilsesquioxan-Polymerbeschichtung darauf aufweist, und eine 
ferroelektrische FQssigkristall-Mischung. umfassend Verbindungen mit fluorierten Schwanzanteiien, die zwischen 
den Substraten angeordnet sind. mit der MaBgabe. da3 wenigstens eines der Substrate transparent tst. 

2. Vorrichtung gemaB Anspruch 1 , worin die Polyamidbeschichtung Nylon ist. 

3. Vorrichtung gemaB Anspruch 1. worin die Polyesterbeschichtung Poly(ethylenterephthatat), Poly(butylenter- 
ephthalat) oder Poly(hexylenterephthalat) ist. 

4 Vorrichtung gemaB Anspruch 1 . worin die Organosilsesquioxan-Polymere seitliche Struktureinheiten aufweiseri. 
die aus Wasserstoffatomen, Alkylgruppen mit 1 bis 4 Kohlenstoffatomen, Phenylgruppen, substituierten Pheriyl- 
gruppen oder N^nylgruppen und funktionellen Gruppen, ausgewahit aus Hydroxy-. Methoxy-. Ethoxy- oder Chlor- 
gruppen, oder Mischungen derselben ausgewahit sind. 

5. Vorrichtung gemaB Anspruch 1 . worin sowohl das erste Substrat als auch das zweite Substrat transparent sind. 

6. Verfahren zur Bereitstellung einer ausgerichteten, ferroelektrischen Fussigkristall-Anzeigevorrichtung. umfas- 
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send: 

1) das Beschichten eines ersten Substrats, das wenigstens eine Elektrode tragt, mlt einer Losung von alipha- 
tischem Polyam id- Material oder Polyester-Material; 

2) das Harten der Beschichtung auf dam ersten Substrat; 

3) das Relben der Beschichtung, urn das Polyannid Oder den Polyester auszurichten; 

4) das Beschichten eines zweiten Substrats. das wenigstens eine Elektrode tragt. nnit einer Losung von Or- 
ganosilsesquioxan-Polymer; 

5) das Harten der Beschichtung auf dem zweiten Substrat; 

6) das Anordnen der Substrate mit beschichteten Oberflachen in sich gegenuberstehender Lage und auf der- 
artige Weise, da3 eine nlcht-schraubenformige Ausrichtung eines ferroelektrischen Fussigkristall-Materials 
bereitgestellt wird. wenn das Fussigkristall-Material zwischen den beschichteten Substraten angeordnet wird; 

7) das Befestigen der so angeordneten Substrate, nnit der Ma3gabe. daB wenigstens eines der Substrate 
transparent ist. 

7. Verfahren gemaB Anspruch 6, worin die Polyannidbeschichtung Nylon ist. 

8. Verfahren gemaB Anspruch 6. worin die Poiyesterbeschichtung Poly(ethy!enterephthaIat), Poly(butylenterephtha- 
lat) Oder Poly(hexylenterephthalat) ist. 

9. Verfahren gemaB Anspruch 6, worin die Organosilsesquioxan-Polymere seitliche Struktureinheiten aufweisen, die 
aus Wasserstoffatomen. Alkylgruppen mit 1 bis 4 Kohlenstoffatomen, Phenylgruppen. substituierten Phenylgrup- 
pen Oder Vinylgruppen und funktionellen Gruppen, ausgewahit aus Hydroxy-. Methoxy-, Ethoxy- Oder Chlorgrup- 
pen, Oder Mischungen derselben ausgewahit sind. 

10. Verfahren gemaB Anspruch 6. worin sowohl das erste Substrat als auch das zweite Substrat transparent sind. 
Revendications 

1. Dispositif d'affichage k cristaux liquides ferroelectriques bistables comprenant un premier substrat, un second 
substrat oppose audit premier substrat, lesdits substrats etant disposes de fa9on a fournir un alignement non 
h6licoidal du mat6riau cristal liquide ferroelectrique. et des electrodes sur lesdits substrats pour d6finir un ou 
plusieurs pixels, ledit premier substrat portant une electrode etant recouvert d'un revetement d'alignement en 
polyester ou polyamide aliphatique, et ledit second substrat portant une electrode 6tant recouvert d'un revetement 
de polymere organosilsesquioxane. et un melange de cristaux liquides ferroelectriques comprenant des composes 
contenant des portions d'extremit^ fluorees place entre lesdits substrats, a condition qu'au moins un desdits subs- 
trats soit transparent. 

2. Dispositif de la revendication 1 , dans lequel ledit revetement de polyamide est du nylon. 

3. Dispositif de la revendication 1. dans lequel ledit revetement de polyester est du poly(ethylene-terephtatate), du 
poly(butyl6ne-terephtalate) ou du poly(hexylene-terephtalate). 

4. Dispositif de la revendication 1. dans lequel lesdits polymeres organosilsesquioxanes centiennent des groupe- 
ments pendants choisis parmi les atomes d'hydrog^ne. les groupes alkyle comportant 1 k 4 atomes de carbone. 
les groupes phenyle. les groupes phenyle substitues ou les groupes vinyle et les groupes fonctionnels choisis 
parmi les groupes hydroxy, methoxy, ethoxy ou chloro ou leurs melanges. 

5. Dispositif de la revendication 1 , dans lequel iedit premier substrat et ledit second substrat sont tous deux trans- 
parents. 

6. Procede pour fournir un dispositif d'affichage k cristaux liquides ferroelectriques alignes comprenant les etapes 
consistant k: 

1 ) revetir un premier substrat portant au moins une electrode d'une solution de matiere polyamide aliphatique 
ou de matiere polyester; 

2) durcir ledit revdtement sur ledit premier substrat; 
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3) frotter ledit revetement pour aligner ledit polyamide ou polyester; 

4) revdtir un second substrat portant au moins une electrode d'une solution d'un polymfere organosilsesquioxa- 
ne; 

5) durcir ledit revetement sur ledit second substrat; 

5 6) placer lesdits substrats de nnani^re que les faces revdtues soient oppos§es I'une k I'autre et les disposer 

de fa^on ^ obtenir un alignement non hellcoidal d'un materlau k crista! liquide ferroelectrique lorsque ledit 
materiau cristal liquide est plac6 entre lesdits substrats revetus; 

7) fixer lesdits substrats ainsi disposes, k condition qu'au moins un desdits substrats soit transparent. 

10 7. Precede de la revendication 6, dans lequel ledit revetement de polyamide est du nylon. 

8. Precede de la revendication 6, dans lequel ledit revetement de polyester est du poly(ethyl^ne-terephtalate). du 
poly(butylene-terephtalate) ou du poly(hexyl6ne-terephtalate). 

IS 9. Procede de la revendication 6, dans lequel lesdits polymdres organosilsesquioxanes contiennent des groupements 
pendants choisis parmi les atomes d'hydrogene, les groupes alkyle comportant 1 k 4 atomes de carbone, les 
groupes phenyle. les groupes phenyle substitues ou les groupes vinyle et les groupes fonctionnels choisis parmi 
les groupes hydroxy, methoxy, ethoxy ou chloro ou leurs melanges. 

20 1 0. Procede de la revendication 6, dans lequel ledit premier substrat et ledit second substrat sont tous deux transpa- 
rents. 
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